. Although the pathobiology of axonal injury has been extensively investigated, the vulnerability of the axonal microcompartment over the soma was still misunderstood. We hypothesized that the soma and the axon of neurons display opposite mechanical behaviors, rendering the axon more sensitive to a mechanical stress. To test this hypothesis, we used a microcontact printing method to control the growth of cortical neuron in a bipolar morphology and the viscoelastic properties of soma and axon microcompartments were measured with magnetic tweezers. Creep experiments showed that neuronal microcompartments exhibit distinct mechanical behaviors: the soma is softer and characterized by an elastic-like behavior, while the neurite is stiffer and viscous-like. By altering cytoskeletal filaments with pharmacological agents, we determined the origin of the compartmentalization of mechanical behaviors within cortical neurons. The nucleus determines the elastic and stress stiffening behavior of the soma, while the sliding of neurofilaments determines the viscous-like state of the neurite. In addition, our results revealed that at the contrary of the soma, the neurite can sense its mechanical environment and becomes softer and more viscous on soft surfaces, showing that, as for the mechanical behavior, the mechanosensitivity is localized to the neuronal microcompartments. Our findings shed light on the importance of the regionalization of neuronal properties to their microcompartments in response to a mechanical insult. Future works will need to investigate the relationship between the mechanical differences of neuronal microcompartments and their functions. In this context, we suggest to consider microprinted neuronal networks as an efficient tool for investigating the effect of the propagation of injury forces on the behavior of neuronal circuits.
Inertial loading of neurons initiates a cascade of events leading to traumatic brain injuries (TBI) [1, 2] . One of the most important features of TBI is the morphological alteration of a specific microcompartment of the neurons, i.e. the axon [3] [4] [5] , which translates into diffuse axonal injury (DAI), a hallmark of TBI [6, 7] . Following the mechanical insult, the cable morphology of the axon becomes unstable and its diameter increases at various sites to form growing swellings that ultimately lead to the axonal degeneration and in some cases to the neuronal death [8, 9] . Extensive work has shown that axonal degeneration is a consequence of the deterioration of the axonal cytoskeleton [10, 11] . For instance,
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microtubules (MTs), which are typically bundled in healthy axons, appear disrupted at the beading sites in injured axons [12] . In addition, mitochondria are accumulated at the swelling sites, in contrast to healthy axons for which mitochondria are homogeneously distributed along the length of the axon [13] . Since mitochondria and other organelles are transported via molecular motors (dyneins and kinesins) [14] using MTs as tracks, organelles are accumulated at the site of microtubules breakage and participate to the increase of the axonal swellings. Neurofilaments (NFs) are on average 10 time more abundants than MTs in the axon [15] and previous reports highlighted their role in establishing the axonal diameter [16, 17] . It has been shown that following a head injury, NFs get compacted in the axon [18] , leading to a local decrease of the axonal diameter that slows down or completely impairs axonal transport upstream [19] . Damage to the cytoskeletal filaments of the axon is central to the pathogenesis of DAI [20] . It has been proposed that cytoskeleton damage is due to pathological Ca ++ entry following stress-induced mechanoporation [21] . Recently, several studies have shown that transmembrane integrins, which establish a physical link between neuronal cytoskeleton to the extracellular matrix (ECM) [22] , are important contributors to DAI by propagating mechanical forces through the cytoskeleton [23] [24] [25] without membrane poration. While morphological and biological damages seem to be compartmentalized to the axon, less attention has been paid to the soma. Few studies reported soma shrinkage with pyknotic nuclei [26] (i.e. condensation of chromatin leading to a shrunken nucleus) and damaged DNA [27, 28] . However, these alterations are delayed compared to the axonal damages, suggesting that they may be associated with a secondary injury related to axonal swellings.
The initial source of pathogenesis associated with TBI is the disruption of the axonal cytoskeleton [5] . The most striking feature of neuronal injury is the localization of damage to the axonal microcompartment. However, the question of the mechanical vulnerability of the axon over the soma remained misunderstood. We addressed this issue by combining microcontact printing and magnetic tweezers to apply local stresses on paramagnetic beads bound to individual microcompartments of bipolar cortical neurons and measured the creep response [29] . Our results indicate that the axon is characterized by a pronounced viscous state, while the soma behaves like an elastic solid (Fig. 1) . The compartmentalization of the neuronal mechanical properties sheds light on the mechanical vulnerability of the axon. During a mechanical insult, the axon will dissipate most of the deformation energy due to its more pronounced viscous state, which translates into cytoskeletal breakage. Oppositely, the elastic properties of the soma allow a reversible deformation.
To get a deeper understanding of the role of cytoskeletal filaments in the mechanical response of neuronal microcompartments (Fig. 1) , we selectively disrupted actin microfilaments, MTs and NFs with specific pharmacological agents.
Our results showed that actin does not play a significant role in the viscoelastic behavior of the axon, while MTs contribute to the elastic part and NFs to the viscous part. These data were supported by the abundance of NFs compared to MTs in the axon (approximately 10:1 ratio) [16] . Based on the individual role of each cytoskeletal filaments in the rheological response, we suggested that the viscous like behavior of the axon can be due to the sliding of NFs during a mechanical insult. This sliding movement irreversibly destabilizes the NFs organization and is the initial event leading to focal swellings. These findings are in agreement with previous reports showing that NFs are responsible for the axon diameter and showing compaction of NFs due to the mechanical insult [18] . Additionally, our data indicate that the nucleus is the main contributor to the mechanical behavior of the soma microcompartment. These results were supported by confocal imaging showing that the nucleus occupies most of the soma's volume and that the DNA was compacted in response to a mechanical load on the soma. Interestingly, DNA compaction is responsible for the stress-stiffening of the soma, as we observed previously in endothelial cells [30, 31] . Based on these observations, we propose that the elastic-like behavior of the soma coupled to stress-stiffening properties protect the nucleus and the genetic information of the neuron during a mechanical insult.
Accumulating evidence suggests that neurons can be exposed to a wide range of matrix rigidities [32] that may affect the behavior of their microcompartments [33] . Several reports have shown that neurons can adapt their physiological properties through sensing their mechanical environment [34] [35] [36] . In addition, recent reports showed that local tissue stiffness can be altered during injury-related processes, such as gliar scar [37] , changes in intracranial pressure [38] or local inflammation [39] . To explore the effects of cell matrix changes on the mechanical response of neuronal microcompartments, we cultured single cortical neurons on soft (3.5 kPa) and stiff (500 kPa) substrates [40] and measured the creep response of their individual microcompartments. Our findings show that the mechanical properties of the soma did not change with the substrate stiffness, while the axon was softer and exhibited a more pronounced viscous behavior on soft substrates. The consistency in soma's mechanical properties over a wide range of substrate stiffnesses is related to our interpretation of the role of the nucleus in the mechanical properties of the cell body. On the contrary, the axonal microcompartment can sense the rigidity of its local environment and adapts its mechanical response. The more pronounced viscous state of the axon on soft substrates suggests that this microcompartment is more vulnerable to mechanical insult in soft environments. Taken together, these findings show that the mechanosensitivity of neurons is regionalized to soma and neurite microcompartments.
The next major breakthrough would be to relate the differences of mechanical properties of both neuronal microcompartments to their functional activity. Indeed, cell bodies are accumulated in grey matter, which is a major component of the central nervous system (CNS). In contrary, white matter is composed of long-range myelinated axon tracts and contains relatively very few cell bodies. In this context, we consider that one of the most reliable techniques to control the location of soma and neurite microcompartments within a defined neuronal network [41] is the micropatterning method ( Fig. 2A) . Protein micropatterns allow the formation of mature and stable neuronal networks of controlled architectures (Fig.  2B) . These neuronal networks are obtained in our laboratory by confining cell bodies and axonal extensions of ~30,000 cortical neurons to a predefined pattern of 1×1cm 2 . We have shown that the global architecture could be maintained for several weeks in vitro. By immobilizing cell bodies and axons in defined positions and by imposing their interactions with their neighbors, we will be able to monitor the individual activity of neuronal microcompartments with calcium imaging in response to a mechanical load but also to decipher the propagation pathway of injury forces within neuronal networks. This original strategy would lead to a better understanding of the structure-function relationship in neurons, which may help to improve our current understanding of the pathological consequences of head traumas on neuronal circuits.
